Tobacco is the major etiological factor for oral cancer development through the generation of oxidative stress. Therefore, markers of oxidative stress such as total antioxidant status, lipid peroxidation, and total thiol levels might be useful to monitor oxidative stress and predict overall survival in oral cancer patients. The study included 140 oral cancer patients and 50 healthy controls, who were classified as with the habit of tobacco and no habit of tobacco. Adjacent normal and malignant tissue samples were collected from oral cancer patients. Plasma and tissue levels of lipid peroxidation, thiol, and total antioxidant status were assayed by spectrophotometric methods. Thiol levels were significantly lower in controls with the habit of tobacco (P = = .033), oral cancer patients (P = = .0001), and malignant tissues (P = = .015) as compared to controls with no habit of tobacco, controls with the habit of tobacco, and adjacent normal tissues, respectively. Tobacco exposure was higher in oral cancer patients than controls with the habit of tobacco. Controls with the habit of tobacco who had lower thiol (odds ratio [OR] = = 10.58, P = = .008) and high tobacco exposure (OR = = 0.251, P = = .05) showed an elevated risk of oral cancer development. Patients showing a lipid peroxidation level above the cutoff level as compared to patients below the cutoff level showed poor overall survival, whereas those with thiol and total antioxidant status levels below the cutoff level as compared to their respective counterparts showed poor overall survival. In conclusion, lipid peroxidation and thiol could be useful for predicting the risk of oral carcinogenesis in healthy tobacco consumers and predicting overall survival of oral cancer patients.
Tobacco as a major etiological agent reflects in a high incidence of oral cancer, accounting for nearly a third of all cancer cases in India. 1 In vitro studies have demonstrated that when human oral epidermal carcinoma cells are incubated with smokeless tobacco extract, free radicals are produced. 2 The heat (generated during smoking) as well as pH (change during chewing) of body fluids due to tobacco consumption affect the formation and stabilization of free radicals. 3 The alkaline conditions observed in betel nut chewing are also reported to be favorable for the formation of free radicals. 3 Furthermore, free radicals produced during auto-oxidation of AN-polyphenols in the saliva of the tobacco users are crucial in the initiation and promotion of oral cancer. 4 Thus, there is continuous endogenous damage to cellular DNA by free radicals, and accumulation of such damage has been found to play a significant role in carcinogenesis. 5 Therefore, there is a need for a biomarker panel to quantify such damage. Direct measurement of free radicals is not reliable due to the very short life of free radicals. Second, none of the techniques is sensitive enough for the quantitation of free radicals. The indirect methods include estimation of damage products such as peroxidation of lipids, which results in formation of lipid peroxides, measurement of the depletion of total thiol, and total antioxidant status (TAS). Hence, the present study aimed to analyze free radical-associated damage in terms of lipid peroxidation (LPx), total thiol, and total antioxidant status in oral cancer patients and to compare its levels in healthy tobacco consumers and nonconsumers. treatment at the Gujarat Cancer and Research Institute, Ahmedabad, India. The disease was diagnosed based on their clinical, radiological, and histopathological examinations. The study also included 50 age-and sexmatched healthy individuals further classified as no habit of tobacco (NHT) and with the habit of tobacco (WHT) as controls. Tobacco use was assessed by personal interviews using a specially designed Health, Habit and Diet Questionnaire (HHDQ). All the OCPs and WHTs had different types, frequency, and duration of tobacco habits. Therefore, lifetime tobacco exposure (LTE) was calculated in terms of the frequency of tobacco in any form used per day multiplied by the duration of tobacco habit in years. Details of the patients and controls are given in Tables 1 and  2 , respectively.
Samples
Blood samples were collected from OCPs and healthy subjects. Plasma was separated from blood and stored at -20°C until analyzed. Surgically resected malignant (n = 32) and adjacent normal tissue (n = 38) samples of OCPs were also collected.
Analytical Methods
Plasma and tissue levels of LPx and total thiol were assayed by spectrophotometric methods, 6, 7 whereas TAS was measured in plasma using a commercially available kit (Randox, UK). 8
Lipid Peroxidation
The LPx was determined by the method of Yagi. 6 The method is based on the formation of a red chromophore that absorbs at 532 nm following the reaction of thiobarbituric acid (TBA) with malonyldialdehyde (MDA) and other breakdown products of peroxidized lipids, collectively called thiobarbituric acid reactive substance (TBARS). One molecule of MDA reacts with 2 molecules of TBA, with the elimination of 2 molecules of water to yield a pink crystalline pigment with absorption maximum at 532 to 535 nm. The results were expressed as nanomoles of MDA/mL of serum.
Thiol
The thiol levels were measured using a modified Ellman's method. 7 5, 5′-dithiobis-2-nitrobenzoic acid (DTNB), also known as Ellemen's reagent, reacts with thiol compounds (-SH groups) to give a yellowcolored complex, which is measured at 520 nm. The values were expressed as mmole/of reduced glutathione present/dL of serum. This has a relatively stable blue-green color, which is measured at 600 nm. Antioxidants in the added sample cause suppression of this color production to a degree that is proportional to their concentration. 8 The TAS levels were analyzed in only 96 patients and all the controls.
Tissue Protein
The protein content in malignant and adjacent normal tissues was estimated according to the method of Lowry et al. 9
Study Ethics
The study design and patients' written consent to participate in the study were ethically approved by the hospital-based ethical committee of the Gujarat Cancer & Research Institute.
Statistics
Data were statistically analyzed using the SPSS statistical software (Version 10.0; SPSS, Inc, Chicago, Illinois). Student paired t test and unpaired t test were performed to compare marker levels between the groups and within the groups. Relative risks of cancer in healthy controls were estimated by computing the odds ratio and the 95% confidence interval (CI). The Pearson correlation was used to assess an association between the markers. Multivariate analysis was performed using analysis of variance (ANOVA) to correlate markers with tobacco habits and clinico-pathological characteristics. Kaplan-Meier overall survival curves were plotted using the log rank test and median levels of the markers from WHTs. Median levels of the markers of WHTs were selected to plot the survival curves in order to correct for the effect of tobacco consumption in OCPs. The patients with follow-up history were included for the survival curve analysis.
Only 56 patients were seen regularly, whereas the rest were lost to follow-up. Among these 56 patients with follow-up history, only 45 had TAS done. Statistical significance was considered where P values were less than .05. Figure 1 depicts a comparison of plasma TAS, LPx, and thiol levels between NHTs, WHTs, and OCPs. Plasma total thiol levels were significantly lower in WHTs (P = .033) and OCPs (P = .0001) as compared to NHTs and WHTs, respectively. The mean level of LPx was nonsignificantly higher in OCPs as compared to WHTs. Figure 2 shows the mean frequency, duration, and LTE of chewers, smokers, and subjects with both habits together (chewers + smokers). Among the chewers, the duration of tobacco habit was significantly higher (P = .003) in OCPs as compared to WHTs. Patients with smoking habits had significantly higher smoking duration (P = .009) and LTE (P = .029) as compared to WHTs. However, there was no such significant association observed between OCPs and WHTs with both habits together. As shown in Figure 2 , mean levels of the frequency, duration, and LTE were almost twice as high in OCPs having both habits together as compared to the same group of WHTs.
Results

Plasma Total Antioxidant Status, Lipid Peroxidation, and Thiol in NHTs, WHTs, and OCPs
Frequency, Duration, and Lifetime Tobacco Exposure in WHTs and OCPs
Correlation of Lipid Peroxidation, Total Antioxidant Status, and Thiol in Oral Cancer Patients
Pearson correlation analysis (Table 3) showed a negative correlation for LPx (r = -0.010, P = .906) with thiol level. Furthermore, TAS showed a significant positive correlation with thiol (r = 0.260, P = .011).
The TAS was negatively associated with LPx (r = -0.78, P = .447). 
Multivariate Analysis of Total Antioxidant Status, Lipid Peroxidation, and Thiol With Tobacco Habits in WHTs and OCPs
Tobacco habits in WHTs were grouped according to different types, frequency, and duration. Table 4 shows multivariate analysis of TAS, LPx, and thiol in WHTs with different groups of tobacco consumption. No significant association was observed between these markers and any of the variations of tobacco consumption in WHTs. As shown in Table 4 , multivariate analysis showed that LPx and thiol were significantly associated with tobacco type (P = .045) and LTE (P = .024) in OCPs. Table 5 shows a multivariate analysis between clinicopathological parameters and markers. The markers did not show any significant association with clinicopathological parameters such as age, gender, stage, tumor differentiation, nuclear grade, and lymph node involvement.
Clinico-Pathological Parameters and Total Antioxidant Status, Lipid Peroxidation, and Thiol
Kaplan-Meier Overall Survival for Lipid Peroxidation, Total Antioxidant Status, and Thiol
We have correlated overall survival of the oral cancer patients using LPx, TAS, and thiol levels in circulating plasma. The median values of LPx, TAS, and thiol levels in WHTs were used as cutoffs for the construction of the survival curves. Thirty patients out of 56 showing LPx below the WHT median level (n = 30/56) showed significantly longer overall survival than those with above-median levels (n = 26/56) of the marker (log rank for LPx, P = .0001, Figure 3 ). Twenty-five patients out of 45 (n = 25/45) showing TAS levels above the WHT median levels showed significantly longer survival than those (n = 20/45) with belowmedian levels (log rank P = .0001). Similarly, thiol levels in 33 out of 56 patients (n = 33/56) above the WHT median level showed significantly longer overall survival than those below the median level (log rank P = .0001, Figure 3 ).
Oral Cancer Risk Assessment in Controls With the Habit of Tobacco
Consumption of tobacco in any form is harmful and may cause cancer in healthy tobacco users. Risk of oral cancer development in WHTs was calculated using the odds ratio (OR) and 95% CI for TAS, thiol, LPx, and LTE ( 
Comparison of Lipid Peroxidation, Total Antioxidant Status, and Thiol Between Malignant and Adjacent Normal Tissues
Lipid peroxidation and thiol levels were estimated from adjacent normal and malignant tissue samples and expressed as nmol/mg protein and mmol/mg protein. Student paired t test was performed considering adjacent normal tissue as a control for malignant tissue of the same patient. Thiol levels were significantly lower (P = .015) in malignant tissues (mean = 0.0112, SE = 0.00086) than in adjacent normal tissues (mean = 0.0149, SE = 0.0017) ( Figure 4 ).
No significant difference (P = .126) was observed for LPx levels in malignant (mean = 0.96, SE = 0.284) and adjacent normal tissues (mean = 1.646, SE = 0.342).
Discussion
Tobacco chewing, along with different added ingredients, is known to damage cellular DNA by reactive oxygen species (ROS). 4 The damage is reflected through markers of oxidative stress in the blood and has become an interesting research area for studies of tissue damage and neoplastic transformation. 10 Therefore, the present investigation studied biochemical changes in LPx, TAS, and thiol levels in tobacco-associated metabolism leading to oral carcinogenesis.
Lipid peroxidation and TAS were comparable, but thiol levels were significantly lower in WHTs as compared to NHTs. Human cells generally function in a reduced state, but oxidative stress results in an imbalance toward a more oxidized state, resulting in lower levels of oxidized antioxidants. 11 Lower levels of thiol indicate more of an oxidized state in WHTs as compared to NHTs. This may also be an indication of ROS-associated lowering of thiol levels in WHT due to tobacco consumption. ROS-mediated lipid peroxidation is one of the markers suggesting that an increase in LPx is associated with free radical damage. However, higher mean values of LPx were observed in WHTs as compared to NHTs. Unexpectedly, higher levels of TAS were observed in WHTs as compared to NHTs. This could be due to higher levels of nonenzymatic antioxidants taken such as dietary supplements, resulting in higher levels of TAS in WHTs.
Low TAS levels have been reported in cancer patients. 12 However, whether this is a primary or secondary effect remains to be elucidated. In the present study, higher mean TAS levels were found in OCPs as compared to WHTs. This could be due to supplementation with multivitamins by the patients. Mean levels of LPx were nonsignificantly higher in OCPs as compared to WHTs. It is also observed that mean LPx levels were higher in WHTs, suggesting oxidative stress due to tobacco, and that there may be a further increase in OCPs as a result of tobacco-associated carcinogenesis. Higher lipid peroxidation was also reported in the plasma of patients with gastric cancer. 13 Srivastava and Mittal 14 have observed that depletion of reduced glutathione (GSH) enhances lipid peroxidation, resulting in an inverse correlation of glutathione with LPx. We have observed similar results.
In the present study, thiol levels were significantly lower in OCPs as compared to WHTs. The cancer patients had higher tobacco consumption in terms of frequency, duration, and LTE than WHTs. This could be the reason for an overall increase in oxidative stress in OCPs as compared to WHTs, resulting in higher LPx and lower thiol levels in OCPs. Experimental studies have shown that mice exposed to cigarette smoke showed depletion of GSH and increases in LPx. 15 Yildiz et al 16 showed on experimental cell cultures that smokeless tobacco extract significantly decreased glutathione levels. Higher LPx and lower GSH levels were observed in long-term smokers than in controls. 17 Zappacosta et al 18 also showed that smoking a single cigarette induced a significant reduction in glutathione concentration. It is also reported by other Indian studies that lipid peroxidation was significantly elevated in untreated oral cancer patients as compared to controls. 19 In the present study, LPx was found to be negatively associated with thiol levels, which is in accordance with the above reports. At the same time, TAS is positively and significantly associated with thiol and negatively associated with LPx levels, showing the lower antioxidant capacity associated with the latter. During the progression of cancer, the antioxidant buffer activity may progressively decline; this could be related to depletion of thiol (-SH) in the redox equation. 20 Lower levels of thiol are reported in cancer. 21 It has been reported that glutathione, cysteine, and cysteinylglycine play a major role in the cellular defense against active oxygen. 22 Tobacco was consumed more in terms of frequency, duration, and exposure by oral cancer patients in the present study as compared to WHTs. These observations suggest that higher tobacco consumption by oral cancer patients resulted in oxidative stress, measured in terms of lower thiol and higher LPx levels. However, tobacco type, frequency, duration, and LTE did not associate with alterations in LPx, TAS, and thiol levels in WHTs. Thiol levels, though, were significantly lower in OCPs with long-term LTE than short-term LTE. These results suggested that there was a dose-dependent association of thiol levels with tobacco exposure. A dose-response relationship, as measured by the duration of chewing, frequency of chewing per day, period of time chewed, and retention of chewing quid overnight while asleep, has been demonstrated. 23, 24 LPx levels were significantly higher in chewers than smokers as well as those with both habits. A study on human oral keratinocytes has shown that treatment of the cells with smokeless tobacco extract increased lipid peroxidation by 1.5-to 7-fold. 25 These data supported the present results that smokeless tobacco increased the LPx level, which is also observed in chewers in the present study. This is the first report correlating LPx, TAS, and thiol levels with survival of oral cancer patients. These markers did not show any significant association with clinicopathological parameters such as age, gender, stage, tumor differentiation, nuclear grade, and lymph node involvement. Rather, the plasma markers reflected the biochemical processes in tissues. Therefore, we analyzed these changes in the malignant and their adjacent normal tissues. Oral tissues are directly exposed to tobacco metabolites by chewing or smoking of tobacco. Thiol levels were significantly lower in malignant tissues as compared to adjacent normal tissues, whereas the LPx level was comparable between the 2 tissues. Lower levels of GSH in neoplastic tissues were observed in human hepatoma and lung cancer than that of corresponding tumor-free tissues, which is in accordance with the present study. 26, 27 The present study indicates that tobacco plays a significant role in oral cancer development, possibly due to increased oxidative stress in these subjects. Therefore, an odds ratio was calculated to predict the risk of oral cancer development in WHTs. The odds ratio for plasma thiol and LTE showed a significantly greater risk of oral cancer development in WHTs. Moreno-Lopez et al 28 have found that tobacco and alcohol consumption are significantly associated with an increased risk of oral cancer. In the present study, WHTs with greater LTE and lower thiol levels were at higher risk of oral cancer development.
To the best of our knowledge, this is the first report showing risk of oral cancer development in healthy tobacco users by analyzing circulating thiol levels. Second, the study provided evidence concerning tobacco exposure and oxidative stress-related changes in healthy tobacco nonconsumers and consumers as well as tobacco-exposed oral cancer patients. Third, the markers examined may also be useful in predicting overall survival of the patients; therefore, monitoring this marker panel could be helpful in the management of oral cancer.
